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APPARATUS AND METHOD FOR
TRANSMITTING AUDIO OVER A
DEDICATED VIDEO LINE

This 1s a continuation of U.S. application Ser. No.
09/775,512, filed on Feb. 2, 2001, now U.S. Pat. No.
6,724,432, which claims the benefit of U.S. Provisional

Application No. 60/180,424 filed on Feb. 4, 2000, both of
which are incorporated herein by this reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a method and system for trans-
mitting audio signals over a dedicated video signal line, and
particularly relates to a stmple and inexpensive method and
system for transmitting analog audio signals over a dedi-

cated video line within the normal video area of the NTSC
or PAL/SECAM signal.

2. Description of the Prior Art

Methods and systems for transmitting audio signals over
dedicated video signal lines are in existence. However,
presently existing systems use parallel (additional) audio
channel or a digital technique to transmit digital audio
signals within the various synchronizing signals of the video
picture signal. As examples, the invention of U.S. Pat. No.
5,842,171 teaches the encoding of digital audio mto a
SMPTE digitized video signal as a burst of digital data that
fits 1to a specified time slot of the SMPTE standard. The
invention of U.S. Pat. No. 5,929,922 teaches the sending of
digital audio 1nside television vertical blanking intervals.
The 1nvention of U.S. Pat. No. 5,940,070 refers to a method
of sending digitized audio over one of the video lines of a
standard VGA display system, with synchronization data
coming over a separate line. Each of these systems requires
digital-to-analog (DTA) converters and analog-to-digital
(ATD) converters in order to convert the particular audio
signal 1nto a useable format, and one requires an additional
transmission line. In addition, while inserting additional
information into the video signals during the video blanking
periods 1s well known, this technique typically violates the
TV wvideo signal standard, frequently resulting in visible
retraces on the video screen.

It 1s therefore desirable to provide a simple method and
apparatus for sending audio signals along a line dedicated to
video without the need for either a separate communication
line, or the need for cumbersome DTA/ATD converters and
buffering systems at either end of the line.

SUMMARY OF THE INVENTION

The present invention provides a method and apparatus
for transmission of analog audio signals over a dedicated
video communication line, wherein the analog audio signal
1s mserted 1nto and becomes a part of the video signal. The
analog audio signal can be inserted 1nto a defined amount of
active video interval (bandwidth) reserved from the active
video line, either at the beginnings or endings of the active
video line scan signal, or at both the beginnings and endings
of the video line scan signal for transmission of two audio
signals (e.g., for stereo audio, or for bi-directional (duplex)
audio communication in closed circuit television (CCTV)
applications). A defined amount of active video interval
(bandwidth) is reserved from the active video line, and is
replaced with samples of the analog audio signal. The analog
audio signal samples are 1nserted at either the beginnings or
endings, or both, of the active video line scan signal, because
the beginnings and endings of the active video ordinarily
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2

occur outside the actual boundaries of the video picture, 1.€.,
within the vertical black borders of the video screen which
in most cases will be undetected due to the common practice
of allowing the monitors to overscan.

It 1s therefore a primary object of the present invention to
provide a method and apparatus for transmitting an analog
audio signal as part of the active video line scan signal
through a single communication line.

It 1s also an 1mportant object of the present invention to
provide a method and apparatus for inserting samples of an
analog audio signal at either the beginnings or the endings
of each active video line scan signal transmitted through a
single communication line.

It 1s also an important object of the present invention to
provide a method and apparatus for transmitting a pair of
audio signals as part of the active video line scan signal
through a single communication line.

It 1s also an 1mportant object of the present invention to
provide a method and apparatus for mserting samples of a
pair of analog audio signals as part of the active video line
scan signal, one set of audio signal samples at the
beginnings, and the other set of audio signal samples at the
endings of each active video line scan signal transmitted
through a single communication line.

Additional objects of the mnvention will be apparent from
the detailed descriptions and the claims herein.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a sumplified block diagram of the video and
audio processing equipment (modulator and demodulator)
of the system of the present invention.

FIG. 2 1s a waveform diagram of an analog video signal
illustrating the analog audio inserted into the start of the
video signal.

FIG. 3 1s a waveform diagram of an analog video signal
illustrating the analog audio inserted into the end of the
video signal.

FIG. 4 1s a waveform taken from an oscilloscope screen
illustrating the analog audio inserted into the start of the
video signal.

FIG. 5 1s a wavelorm taken from an oscilloscope screen
illustrating the analog audio inserted into the start of the
video signal, wherein there 1s a black video signal.

FIG. 6 1s a wavelorm taken from an oscilloscope screen
similar to FIG. 3, illustrating the analog audio inserted into
the start of a pattern video signal.

FIG. 7 1s a wavetform diagram of an analog video signal
illustrating the insertion of dual audio samples, one at the
beginning and one at the end of video signal.

FIG. 8 1s a simplified block diagram of the modulator
(transmission side) of the system of the present invention
illustrating a dual audio mput embodiment.

FIG. 9 1s a simplified block diagram of the demodulator
(receiving side) of the system of the present invention
illustrating a dual audio output embodiment.

FIG. 10 1s a simplified block diagram of the modulator
(transmission side) of the system of the present invention
illustrating another dual audio mput embodiment.

FIG. 11 1s a simplified block diagram of the demodulator
(receiving side) of the system of the present invention
illustrating another dual audio output embodiment.

FIG. 12 1s a simplified block diagram of the modulator
(transmission side) of the system of the present invention
illustrating a bi-directional audio transmission embodiment.



US 6,952,237 B2

3

FIG. 13 1s a simplified block diagram of the demodulator
(receiving side) of the system of the present invention
illustrating a bi-directional audio transmission embodiment.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Referring to the drawings wherein like reference charac-
ters designate like or corresponding parts throughout the
several views, and referring particularly to the simplified
block diagram of FIG. 1 it 1s seen that the invention
ogenerally includes a modulator 11 and a demodulator 29
connected by a single suitable cable (e.g. coaxial cable) 34.
With reference to the modulator 11, an analog video signal
enters modulator 11 from a video 1nput such as a camera 13.
Blanking period synchronization (sync) pulses are created
by synchronization separator 15. Any suitable pulse fre-
quency may be established which 1s defined by the band-
width of the transmitting video (starting from 0.2 microsec-
onds for the standard NTSC video). In the preferred
embodiment, a pulse establishing an interval of approxi-
mately one (1) microsecond is used. The video signal and
sync pulses pass 1nto to a video/audio analog switch 17
described more fully below.

Simultaneous with the video signal, an audio signal from
an audio mput such as a microphone 14 enters modulator 11
where 1t passes through an amplifier 16 on its way to analog
switch 17. For most of the pulse interval, switch 17 1is
togeled to transmit the video signal from camera 13.
However, once (or twice, depending upon whether one or
two audio signals are to be transmitted) during each video
line, switch 17 toggles to transmit a sample of the audio
signal output from amplifier 16, according to the sync pulses
created by separator 15. Thus, sync separator 15 creates
audio sampling pulses which trigger analog switch 17 to
insert the sample of the analog audio signal on each video
signal line scan. As described more tully below, the audio
sample may be 1inserted at the start or at the end of the video
signal line, or at both the start and the end of the line, if two
signals are to be transmitted. The combined video and
samples of audio signal 1s further amplified at 19 and sent
along the video cable 34 to the demodulator 29 for separa-
tion and distribution to the video monitor 33 and audio
speaker 35.

Within the demodulator 29, an 1dentical blanking period
synchronization signal 1s generated by sync separator 21 as
by separator 17. This signal 1s similarly used to create the
audio sampling pulse which triggers analog video/audio
switch 23 to extract the analog audio signal after the
blanking period at the start or end (or both) of each active
video line scan. The video signal, with the audio removed,
1s then sent through a video amplifier 25 to the monitor 33.
The samples of extracted analog audio signal are maintained
at a constant level between samples by a holding device 27.
The signal 1s then filtered at 30, amplified at amplifier 32,
and sent to the audio speaker 35.

The 1nsertion of a sample analog audio signal onto a
single active video scan line inside modulator 11 1s shown 1n
FIGS. 2-6. FIG. 2 1s a general wavelorm diagram of a video
signal 44 showing a sample analog audio signal 46 mnserted
at the beginning of the active video line scan signal 51. The
synchronization signal 42 triggers the sample 1nsertion sig-
nal to reserve (remove) the defined amount of active video
interval (bandwidth) from the active video line following a
color burst 45, and replace it with the analog audio signal to
be iserted into the active video bandwidth immediately
following the start of the active video line scan signal. This
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4

1s accomplished by the brief toggling of switch 17 from the
video to the audio signal and back to the video signal.

The reverse of this process occurs 1inside demodulator 29
wherein the synchronization signal 42 triggers switch 23 to
remove the analog audio signal 46 from the designated
location on the active video line scan signal 51. In FIG. 2,
this location 1s at the start of the active video line scan signal.
In FIG. 3, this location 1s at the end of the active video line
scan signal.

Both the modulator 11 and demodulator 29 can be
adjusted to place the analog audio signal at any point on the
active video line scan signal. It 1s preferred to place the
analog audio signal at either the very beginning or the very
end of the active video line scan signal 1n order to slightly
crop the edges of the transmitting 1image. Typically, because
the beginning and ending portions of the video line scan
signal are beyond the boundaries of the actual video 1mage
being transmitted, these areas fall out of the actual bound-
aries of the CRT tube because of common practice of
overscaning. Accordingly, placing the analog audio signal in
these locations 1s less likely to affect the viewing video
1mage.

FIG. 4 1llustrates a video waveform taken from an oscil-
loscope video showing the synchronization pulse 42, fol-
lowed by a color burst 45, followed by the inserted sample
analog audio signal 46, followed by the analog video signal
477, followed by the subsequent synchronization pulse 42. As
illustrated, the inserted analog audio signal 46 can be
considerably smaller (in bandwidth) than the video line scan
synchronization signal 42.

FIG. § illustrates a video waveform taken from an oscil-
loscope video showing the synchronization pulse 42, fol-
lowed by a color burst 45, followed by the inserted sample
analog audio signal 46, followed by the interval occupied by
analog video signal 47, but wherein there 1s no active signal,
followed by the subsequent synchronization pulse 42. It 1s to
be noted that an active video signal 47 1s not required to
transmit the audio samples 46.

FIG. 6 1llustrates the video waveform taken from an
oscilloscope video showing the synchronization pulse 42,
followed by a color burst 45, followed by the inserted
sample analog audio signal 46, followed by a square wave
analog video signal 47, followed by the subsequent syn-
chronization pulse 42.

FIGS. 4-6 1llustrate that the analog audio signal samples
46 can be 1nserted into various conifigurations of video
signals 47, and even into a black video (FIG. §). In addition,
the analog audio signal samples 46 can be 1nserted into the
active video interval (bandwidth) reserved from the active
video line, either at the beginnings (FIG. 2) or endings (FIG.
3) of the active video line scan signal, and shown for various
standard patterns of video signals.

Dual audio signals can be transmitted by inserting a
sample analog audio signal at both the beginning and at the
end of each active video signal line scan as shown 1n FIG.
7. A first audio signal sample 46 1s inserted at the beginning
of the active video line, and a second audio signal sample 48
1s 1nserted at the end of the same active video line. In this
embodiment, a duplicate set of audio components
(designated by the suffix “a”) are provided. Hence, a second
identical audio source 14a, amplifier 164, and switch 174 are
provided in modulator 11 as shown 1n FIG. §; and a second
identical switch 23a, hold 27a, filter 30a, amplifier 32a and
speaker 35a are provided 1n demodulator 29 as shown 1in
FIG. 9. Switches 17a and 23a are configured such that they

toggle at the appropriate time pick up the second audio
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sample on each active video line. In this way, a stereo audio
signal may be transmitted through cable 34.

In a variation of the dual/stereo embodiment shown in
FIGS. 10 and 11, a single switch 176 may be used 1n the
modulator to receive the video and both audio inputs. Switch
17b toggles between three mput positions: video, first audio
and second audio, with the default position being the video.
Switch 17b toggles twice during each active video line
(synchronization interval), once at the beginning for inser-
tion of a sample of one of the audio mputs, and once at the
end for insertion of a sample of the other audio input.
Similarly, a single switch 23b may be provided in the
demodulator to remove the two audio samples from each
active video line. Switch 23b has three output positions:
video, first audio and second audio, with the default position
being the video. Switch 23b also toggles twice during each
active video line, once at the beginning for removal of a
sample of one of the audio mputs, and once at the end for
removal of a sample of the other audio mput.

In another alternative embodiment, bi-directional com-
munications may be established by providing an audio
source 14a, amplifier 16a, and switch 174 in demodulator
29, and by providing switch 23a, hold 27a, filter 30a,

amplifier 32a and speaker 354 1n modulator 11 as shown 1n
FIGS. 12-13.

The present invention can also be utilized to transmit
analog or digital signals or information other than, or in
addition to, audio signals 1n the same manner as described
herein.

It 1s to be understood that variations and modifications of
the present 1nvention may be made without departing from
the scope thereol. It 1s also to be understood that the present
invention 1s not to be limited by the specific embodiments
disclosed herein, but only 1n accordance with the appended
claims when read 1n light of the foregoing specification.

What 1s claimed 1s:

1. An apparatus for transmitting an audio signal over a
dedicated video transmission line 1n a closed circuit televi-
sion system comprising:

a. a modulator having an audio input, a video 1nput, and

a first synchronization device all attached to a first
switching device capable of toggling between said
video mput and said audio input, said first switching
device having an output;

b. a demodulator having an audio output, a video output,
and a second synchronization device all attached to a
second switching device capable of toggling between
said video output and said audio output, said second
switching device having an mput; and

c. a single transmission line connecting the output from
said first switching device to the mput of said second
switching device

wherein said first and second synchronization devices are
identically synchronized with each other, audio signal
samples are mserted 1nto the endings of the active video scan
lines of a video signal at regular intervals according to said
first synchronization device through the toggling action of
said first switching device 1n said modulator, and said audio
signal samples are removed from the endings of the active
video scan lines of the video signal at regular intervals
according to said second synchronization device through the
togeling action of said second switching device 1 said
demodulator.

2. An apparatus for transmitting an audio signal over a

dedicated video transmission line 1n a closed circuit televi-
sion system comprising:
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a. a modulator having an audio input, an analog video
input, and a first synchronization device all attached to
a first analog switching device capable of toggling
between said video input and said audio input, the
default position being the video 1nput, said first switch-
ing device having an analog output;

b. a demodulator having an analog audio output, an
analog video output, and a second synchronization
device all attached to a second switching device
capable of toggling between said video output and said
audio output, the default position being the video 1nput
said second switching device having an analog input;
and

c. a single transmission line connecting the output from
said first switching device to the mput of said second
switching device

wherein said first and second synchronization devices are
identically synchronized with each other, audio signal
samples are 1nserted into the beginnings of the active video
scan lines of the video signal at regular intervals according
to said first synchronization device through the toggling
action of said first switching device 1n said modulator, and
said audio signal samples are removed from the beginnings
of the active video scan lines of the video signal at regular
intervals according to said second synchronization device
through the toggling action of said second switching device
in said demodulator; and wherein said modulator 1s provided
with a second analog audio mnput connected to said first
switching device, and said first switching device 1s capable
of toggling among said video 1nput, said first audio input and
said second audio mput, the default position being the video
input; said demodulator 1s provided with a second audio
output attached to said second switching device, and said
second switching device 1s capable of toggling between said
video output said first audio output, and said second audio
output, the default position being the video output; wherein
audio signal samples from said second audio input are
inserted 1nto the endings of said active video scan lines at
regular 1ntervals according to said first synchronization
device through the toggling action of said first switching
device 1n said modulator, and said second audio signal
samples are removed from the endings of the active video
scan lines at regular intervals according to said second
synchronization device through the toggling action of said
second switching device 1n said demodulator.

3. A method for transmitting an analog audio signal over

a dedicated video transmission line in a closed circuit
television system comprising the steps of:

a. mputting a synchronized analog video signal to a
switching device 1mn a modulator;

b. inputting an analog audio input signal to said switching
device;

c. mserting samples of said audio mput signal mto the
endings of the active video scan lines of the video
signal at regular synchronized intervals through the

togeling action of said switching device creating a
combined signal;

d. transmitting said combined signal from said modulator
through a dedicated transmission line to a demodulator;

¢. removing the samples of said audio signal from the
endings of said active video scan lines at regular
identically synchronized intervals through the togeling
action of a second switching device 1n said demodula-
tor;

f. outputting the video signal from said second switching,
device to a video monitor; and
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o, outputting the removed samples of said audio signal
from said second switching device.
4. The method of claim 3 including the additional steps of:

h. transmitting the audio signal output from said second
switching device through a signal holding device for
maintaining the second audio signal between samples;

1. transmitting the output from said signal holding device
through a low pass filter;

j. Inputting a second analog audio mput signal to said
switching device;

k. 1inserting samples of said second audio 1nput signal into
the beginnings of the active video scan lines of the
video signal at regular synchronized intervals through

the togeling action of said switching device creating a
combined signal;

1. removing the samples of said second audio signal from
the beginnings of said active video scan lines at regular
identically synchronized intervals through the toggling
action of a second switching device 1n said demodula-
tor; and

m. outputting the removed samples of said second audio
signal from said second switching device.
5. A method for transmitting bi-directional audio signals
over a dedicated video transmission line comprising the
steps of:

a. inputting a synchronized video signal to a switching
device 1n a modulator;

b. inputting an audio input signal to said switching device;

c. 1nserting samples of said audio mput signal into the
endings of the active video scan lines of the video
signal at regular synchronized intervals through the

10

15

20

25

30

3

togeling action of said switching device creating a
combined signal;

d. transmitting said combined signal from said modulator
through a dedicated transmission line to a demodulator;

¢. removing the samples of said audio signal from the
endings of said active video scan lines at regular
identically synchronized intervals through the toggling,
action of a second switching device 1n said demodula-
tor;

{. outputting the video signal from said second switching
device to a video monitor;

o. outputting the removed samples of said audio signal
from said second switching device;

h. mputting a second audio input signal to a third syn-
chronized switching device 1n said demodulator;

1. Inserting samples of said second audio 1nput signal into
the beginnings of the active video scan lines of the
video signal at regular synchronized mtervals through
the toggling action of said third switching device to
create a second audio signal;

j. transmitting said second audio signal from said

demodulator through a dedicated transmission line to
said modulator;

k. removing the samples of said second audio signal from

the beginnings of said active video scan lines at regular
identically synchronized intervals through the toggling,

action of a third switching device in said modulator;
and

1. outputting the removed samples of said second audio
signal from said second switching device.
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